Application of phosphorous trichloride in attempted bis-indolisation of cyclohexanediones and dimedone by Chakrabarty, Manas et al.
Indian lournal of Chemistry
Vol. 37B, November 1998, pp. 1104 - 1108
Application of phosphorous trichloride in attempted bis-indolisation of
cyc1ohexanediones and dimedone
Manas Chakrabarty=", Archana Batabyal" & Amarendra Patra+
tChemistry Department, Bose Institute,
9311,APC Road, Calcutta 700009, India
+Chemistry Department, University
College of Science, 92, A.P.C. Road,
Calcutta 700009, India
Received 8 July 1996; accepted(revised) 18 September 1997
The efficacy of phosphorous trichloride as a cyclising agent in Fischer-type bis-indolisation has been tried on
1,2-,1,3- and 1,4-cyclohexanediones and dimedone. In each case, besides the respective bis(phenylhydrazone), a
novel product is formed, The interesting, hitherto unreported structural and spectral features of some of the
products and the outcome of our efforts have been discussed.
We have earlier demonstrated that phosphorous
trichloride (PC 13) is a mild and efficient cyclising agent
for the Fischer-type idolisation of cyclohexanone
phenylhydrazones, preformed or formed in situ , to
tetrahydrocarbazoles'", In continuation of our efforts
towards the synthesis of indolocarbazoles (IcS)lb,c- the
core of an important class of bioactive natural
products=", we intended to extend this reaction to the
three isomeric cyclohexanediones and dimedone in order
to produce all the five isomeric Ics by the
dehydrogenation of the initially formed dihydro-K's.
Accordingly, each of IA- 1,3- and 1,2-
cyclohexanediones (abbreviated as CDs) and dimedone
was separately treated with two equivalents each of
phenylhydrazine and phosphorous trichloride in
benzene. Surprisingly, no indolisation, bis- or mono-,
took place at all. Instead, two products were formed in
each case. The common product was the corresponding
bis(phenylhydrazone) (BPH), whereas the second
product was different in the four cases, The
characterisation of the products, specially the new ones,
and the novel structural and spectral features of some of
the products, not reported earlier, have been briefly
presented herein.
From 1A-CD, depicted in its most stable
conformation', the major product was identified as the
corresponding BPH 1 (Scheme I) confirmed by the
direct comparison with a synthetic sample", Evidently,
PC13 is unable to effect the indolisation of I, although it
exists in the reaction medium largely in the
thermodynamically more stable bis(enehydrazine) form
2 which is the correct form required for indolisation.
The reason for this failure could be the previously
stated? inherent instability of the indolo[2,3-c]carbazole
nucleus - the expected final product of bis-indolisation,
followed by dehydrogenation.
The minor product from 1A-CD appeared to be
biphenyl mainly on the basis of its MS [m1z 154(M+),
77%] and 13CNMR data, which was confirmed by direct
comparison with an authentic sample. To our
knowledge, the formation of biphenyl during the course
of an attempted Fischer indolisation is not known in the
literature.
In contrast to the reported'' straightforward formation
of indolo[2,3-a]carbazole by double Fischer indolisation
by other reagents, the major and minor products from
1,2-CD at our hands were the corresponding BPH 3 and
the mono(phenylhydrazone) (MPH)4, respectively, The
IH NMR spectrum of the MPH exhibited a signal at 8
13.8 (l H, br s), which indicated that the MPH exhists in
the chelated form 4, as does the BPH 37 (812.88, br sin
our case) (Scheme II)
The failure of 1,2-CD to undergo indolisation reflects
the inability of PC 13 to cleave the intramolecular
hydrogen bonds present in 3 and 4' so as to bring these
















hydrazones to the non-chelated forms required for their
subsequent cyclisation.
Both dimedone and 1,3-CD furnished in almost
equal Yields two products, designated 0-1 and 0-2
(from dimedone) and CD-1 and CD-2 (from 1,3-
CD)(Scheme Ifl) in the order of increasing polarities.
The structurally similar products 0-1 and CD-1
showed molecular weights which corresponded to none
of the possible reaction products. Thus, the molecular
formula C:wHzzN40 (HRMS : M+ 334.1788) of 0-1
differed from those of the BPH (formula wt 320), the
two mono-indolisation products phenylhydrazono-
carbazoles (FW 303), and the two bis-indolisation
products, dihydro- ICs (FW 286). However, the
conspicuous appearance of, inter alia, signals for two
equivalent methylenes (OH 2.54, 4H, s) and a carbonyl
group (Oc 179.8, s) in the NMR spectra of 0-1
demonstrated it to be the 2-oxo-BPH of dimedone 5,
corroborated by its MS data.
The product CD-1 lacked, as expected, in its IH
NMR spectrum the signal for the two methyls but
recorded an AZX4 spin system (0 1.96, 2H, quintet and
2.72, 4H, t, J = 6 Hz, CHzCH2CHz), while its 13CNMR
spectrum recorded a keto carbonyl signal at 0 180.2 (s).
Accordingly, CD-1 was similarly assigned the 2-oxo-
BPH structure 6, which received suppport from its MS
data. Surprisingly, the IR spectra of both 5 and 6 were
devoid of the expected IR carbonyl absorption bands.
An explanation for this apparently anomalous behaviour
has been presented later.
To our knowledge, the formation of 2-oxo-BPHs as a
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result of attempted Fischer-type indolisations is
unprecedented. A plausible mechanism of their forma-
tion is as follows. Flanked by two phenyl hydrazone
groups, the C(2)-Hz groups of both 5 and 6 are highly
active methylenes and may therefore, undergo
autooxidation'' to the respective 2-oxo-BPHs through the
intermediacy of the corresponding hydroperoxides ( cf
Figure 1)
The structural analogues, 0-2 and CD-2, were
suggested to be the respective BPHs 7 and 8, by their
spectral data, mainly MS and IH NMR. The identities
were confirmed by direct comparisons (co-TLC and MS)
with synthetic samples, prepared by heating ethanolic
solutions of the diones with phenylhydrazine and gl.
acetic acid (not stated in the Experimental, since it was
quite a routine work). Notably, the MS of both
compounds recorded the respective highest peaks at mlz
318 and 290 which are two mu lower than their actual
molecular weights. But the possibility of their being the
corresponding dehydro compounds was ruled out by
their IH NMR data (vide infra). To our knowledge, this
unusual mass spectral behaviour of 7 and 8 is not known
in the literature.
The product 0-2 (7) exhibited three interesting NMR
spectral features. Firstly, the C(2)-Hz signal at 0 2.62
appeared as a doublet with J < 1 Hz, perhaps suggesting
its homoallylic-type coupling with the phenylhydrazone
NH proton(s). Secondly, a signal at 0 5.29 «IH, s)
requires the partial existence of 0-2 in either or both of
Oim.done (R="'e)-O-1 (18'10)+0-2 (20'10)
1.3-CO (RaH)__ CO-l(14'1o)+CO-2(16'10)
Scheme III
~ (0-1): R=Me; x= 0
g (CO~l):R.H;X=O
Z (0-2):R''''ej X-H2
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the forms, 9 and 10 (Figure 2).
Thirdly, the signals arising from C(4)-H2 and C(6)-H2
appeared together like a triplet (0 2.42, 4H, J = 12 Hz)
whose middle line was appreciably more intense than is
expected of a true triplet. We reason, the signals were
indeed two doublets at 0 2.36 and 2.48, constituting a
typical AB spin system in a non-first order spectrum (100
MHz). These chemical shifts should normally refer to
the two (one each at C-4 and C-6) axial and two
equatorial protons, respectively. But this interpretation
was not acceptable, since all the four protons appeared
as equivalent (0 2.54, s) in the IH NMR spectrum of D-l
.t::J:"
I § "" N




(5), the related 2-oxo congener. In our opinion, the two
equatorial protons experience shielding by the phenyl
rings of the two phenyl hydrazone groups, as depicted,
thus explaining the observed non-equivalence in the case
of D-2 (Figure 3).
In D-l (5), where the two phenyl hydrazone NH
protons are intramolecularly hydrogen bonded to the
carbonyl oxygen at C-2, the normal deshielded chemical
shifts of the equatorial protons of cyclohexane ring
become reflected. This strong chelation should also
cause the IR carbonyl absorption band of 5 appear at
appreciably lower frequency than normal, thus
explaining the absence of a typical keto carbonyl IR
absorption in 5, stated earlier (Figure 3).
In summary, phosphorous(III) chloride failed to bring
about the indolisation of CDs. This was not, however,
entirely unexpected because double Fischer indolisations
have been reported to be frequently problematic". But
the new, unusual findings stemming from our studies
should be of sufficient interest to researchers in this
field.
Experimental Section
General Melting points (in Celcius) were determined
in open capillaries and are uncorrected. UV spectra (A
rnaxin nm) were recorded on Shimadzu UV -160 and UV-
240 spectrophotometers and IR spectra (vrnaxin em") on
Shimadzu IR-408 and Perkin-Elmer IR 782
spectrometers. NMR spectra were recorded on JEOL
FX-l00 eH, 100 MHz), Bruker AM 300L eH, 300
MHz; 13C, 75 MHz; multiplicities determined by APT
experiments) and JEOL GSX-500 eH, 500 MHz; 13C,
125 MHz; DEPT-135) spectrometers using CDC13 as
solvent and TMS as internal standard (chemical shifts in
0, ppm). Low and high resolution electron impact (EI)
and chemical ionisation (CI; ammonia) mass spectra
(rnIz values; reI. abundances in percentages within
parentheses) were recorded on Kratos AEI MS9, VG
Tribrid and JEOL DX 303 mass spectrometers,
respectively. Column chromatographic €CC) analyses
were performed over Silica gel (60-120 mesh;
Qualigens, India) and TLC over Silica gel G (E. Merck,
India). Elemental analyses were performed on a Dr Hans
Hosli Analyser, Switzerland. Petrol refers to petroleum
ether, b.p. 60-80 DC. For indolisation, commercial PC13
(Wilson Laboratories, Bombay) and dry benzene were
used.
Attempted bis-indolisation: General procedure.
PC13 (1 mL, 11 mmoles) was added dropwise with
stirnng to a solution of the cyclohexanedione (5
mmoles) and PhNHNH2 (1 mL, 10 mmoles) in dry
benzene (60 mL) at room temperature. The stirring was
continued for 30 min, by which time the dione was
consumed (TLC) in all the cases. The mixture was then
poured into an excess of cold saturated aq. NaHC03 and
the resulting solution was extracted with benzene (3 x
100 mL). The benzene extract was washed free of alkali,
dried (Na2S04) and the solvent distilled off. The
residue, a mixture of two products (TLC) in each case,
was separated into its components by. cc.
Cyclohexane-l, 4-dione bis(phenylhydrazone) 1:
Eluted in petrol-EtOAc (9: 1), yellow flakes (yield 0.73
g, 50%), mp 147-148 °C (aq. EtOH) (Lit. 4, mp 149°C).
UV (EtOH) : 205, 280, 301 (sh); IR (KBr): 3375 (NH);
IH NMR (l00 MHz): 2.56 and 2.75 (4H, m each, 4 x Hax
and 4 x lIeq, respectively), 6.72-7.60 (12 H, m, Ar-H).
The identity of the BPH 1 was confirmed by direct
comparison (mp, mmp and co-TLC) with an authentic
sample prepared following the literature procedure" by
heating an ethanolic solution of 1A-CD and
PhNHNH2(l :2 mole ratio) containing a few drops of gl.
HOAc.
Biphenyl: Eluted in petrol as white flakes (yield 77
mg, 10%), mp 67-69 °C (petrol) (lit. 10, mp 77 0C); UV
(EtOH): 208, 248; IH NMR (300 MHz): 7.39 (IH), 7.49
(2H) and 7.64 (2H, all m); 13C NMR (75 MHz): 141.1
(C), 128.7 (CH; 2 x), 127.2(CH), 127.1 (CH; 2x); El-
MS : 154 (M+), 77.
Cyclohexane-l,2-dione bis(phenylhydrazone) 3:
Eluted in petrol-EtOAc (9: 1), yellow flakes (yield 0.66
g, 45%), mp 148-151 °C (petrol-EtOAc) (lit.l1, mp 153
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0C); UV (MeOH) : 207,226,258,305,386; IR (KBr):
3340 (NH); 'a NMR (100 MHz) : 1.80 (4H, m, 4 x Halt),
2.40-2.80 (4H, m, 4x lIeq), 6.72-7.76 (10H, m, Ar-H) ,
12.88 (2H, br s, 2 x NH); EI-MS :292 (W; 26%), 201
(14), 200 (45), 199 (24), 93 (100), 92 (45), 91 (62), 77
(21).
Cyclohexane-l, 2-dione mono(phenylbydrazone)
4: Eluted in petrol-EtOAc (19:1), orange flakes (yield 50
mg, 5%), mp 178-180 °C (petrol-CH2CI2) (lit. 12,mp 180
0C); UV (MeOH): 205, 239, 298, 361; IR (KBr): 3230
(NH), 16.55 (CO); IH NMR (100 MHz): 1.84 (4H, m, 4x
Halt), 2.52 & 2.72 (2H, m each, 4 x lIeq), 6.88-7.12 (2H,
m) & 7.20-7.52 (3H, m, all Ar-H), 13.8 (1H, br s, NH);
HR EI-MS: 202.0906 (W; 100%),93 (33), 92 (17), 77
(6).
2-0xo-dimedone bis(phenylbydrazone) 5: Eluted in
petrol-EtOAc (99:1), RfO.67 in petrol-EtOAc (17:3), red
crystals (yield 0.31 g, 18%), mp 162-164 °C (MeOH);
Anal. Calcd for C:wHnN40: C, 71.85i H, 6.58; N, 16.76.
Found: C, 71.79; H, 6.61; N, 16.82%; UV (EtOH): 213,
250,290,471; IR (KBr): 3400 (br, NH); IH NMR (500
MHz): 1.09 (6H, s, 2 x CH3), 2.54 (4H, s, C(4)-H2 and
C(6)-H2)' 6.98-7.04 (4H, m) and 7.26-7.36 (6H, m, all
Ar-H), 14.09 (2H, s, 2 x PhNH-N=); \3C NMR (125
MHz): 27.7 (C; 2 x) 31.3 (CH; 2 x), 45.4 (C), 114.5 (4
x), 122.9 (2 x), 129.4 (4 x; all CH), 133.2 (2 x), 143.0 (2
x), 179.8 (all C); HR EI-MS: 334.1788 (M+; 100%) 242
(8),94 (13), 93 (97),92 (66), 91 (87), 77 (33).
Dimedone bis(pbenylbydrazone) 7 : Eluted in
petrol-EtOAc (19:1), orange semi-solid (yield 0.32 g,
20%); Anal. Calcd for C2oH24N4: C, 75.0; H, 7.51; N,
17.5 Found : C, 75.17; H, 7.48; N, 17.46%; UV
(MeOH): 211, 263, 303, 443; IR (neat): 3270 (NH),
1655 (C=N); IH NMR (100 MHz; additional data):
1.14 (6H, s, 2 x CH3), 7.30-7.64 (8H, m, 4 x 0- & 2 x
,-Ar-H + 2 x NH), 7.72-7.96 (4H, m, 4 xm -Ar-H);
~I-MS: 318 (M - 2; 55%), 227 (15), 226 (16), 200
16), 105(22),93 (100),92 (85), 77 (98).
2-Oxo-cyclobexane-l, 3-dione bis(pbenylbydrazone) 6:
iluted in petrol-EtOAc (99:1), red crystals (yield 0.21g,
4%), mp 129-130 °C(MeOH); Anal. Calcd for
:lsHtsN40:C.70.58; H, 5.88; N, 18.3. Found: C, 70.47;
1,5.90; N, 18.23%; UV (MeOH) : 213, 250, 289 (sh),
75; tH NMR (300 MHz; additional data) : 7.03 (4H, t,
= 6.5 Hz, 4 x 0 -Ar-H), 7.2-7.6 (6H, m, 4 x m- & 2 xp-
If-H), 14.0 (2H, s, 2 x NH); \3C NMR (75 MHz;
Iditional data) : 22.9 (CH), 32.1 (CH; 2 x), 114.6 (4 x),
~2.9 (2 x), 129.3 (4 x; all CH), 134.4 (2 x), 143.1 (2 x;
)th C); CI-MS (NH3) : 307 (M+H; 100%),216 (33), 94
i2), 93 (22).
Cyclohexane-l,3-dione bis(phenylbydrazone) 8 :
Eluted in petrol-EtOAc (19:1) and then purified by
P1LC (Si02, 0.5 mm), Rf 0.5 in petrol-EtOAc (19:1);
orange semisolid (0.235 g,. 16%); Anal. Calcd for
C18H:zoN4: C, 73.97; H, 6.85; N, 19.18. Found: C,
74.11; H, 6.82; N, 19.2%; UV (EtOH): 207:235, 305,
442; IR (neat); 3275 (NH), 1660 (CO); tH NMR (100
MHz): 1.76-2.24 [4H, m, C(5)-H2' C(4)-lIeq and C(6)-
lIeq], 2.40-2.80 [2H, m, C(4)-Hax and C(6)-Haxl. 2.70
[2H, S, C(2)-H2)]' 7.08-7.68 (8H, m, 4 x 0 - and 2 x p-
Ar-H + 2 x NH), 7.72-8.0 (4H, m, 4 x m-Ar-H); EI-MS :
290 cM-2; 100%), 199 (11), 198 (28), 172 (19), 105
(14),93 (48), 92 (76), 77 (87).
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